Eosinophilic esophagitis (EoE) is thought to be more common among males and Caucasians, but little is known about the disease presentation among patients with different genders or racial backgrounds. The objective of this study was to determine the clinical, endoscopic, and histologic characteristics of patients with EoE of different genders or racial backgrounds.
INTRODUCTION
First described in the literature in 1978, eosinophilic esophagitis (EoE) has become increasingly prevalent over the past decade ( 1 -4 ) . EoE is characterized by symptoms of esophageal dysfunction accompanied by typical histologic fi ndings. Presentations can diff er in children and adults. Children oft en have symptoms of feeding intolerance, regurgitation or vomiting, or failure-to-thrive while adults usually have symptoms of dysphagia, food impaction, refractory heart burn, or chest pain ( 5 -9 ) . Th e diagnosis is confi rmed by esophageal biopsy, showing a prominent esophageal eosinophilic infi ltrate in the absence of other clinical causes of eosinophilia ( 6, 7 ) .
While the epidemiology of EoE is not fully understood, it appears that the incidence of EoE is increasing beyond what would be expected by increased recognition alone ( 3, 5, 10 ) . Multiple studies have found that EoE is three to four times more common in men than in women, and patients are more likely to be Caucasian than other racial or ethnic groups ( 7,8,11 -16 ) . However, the reasons for this are unknown and there is little understanding of the diff erences in disease presentation among EoE patients of diff erent genders or with diff erent racial backgrounds.
Th e purpose of this study was to assess the clinical, endoscopic, and histological diff erences between EoE patients with diff erent racial backgrounds, and between men and women. We
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hypothesized that a higher proportion of men and Caucasians experienced symptoms such as dysphagia or chest pain and were more likely to have abnormal endoscopic fi ndings.
METHODS
We conducted a retrospective study of the UNC (University of North Carolina) EoE clinicopathologic database between January 2000 and December 2008. Details of the development of this database have previously been reported ( 5 ) . In brief, potential cases were identifi ed by querying our pathology database for every esophageal biopsy that included the word " eosinophil " in the report. Charts were then reviewed to confi rm the diagnosis of EoE. Cases of EoE were defi ned per 2007 consensus guidelines ( 6 ) . Specifi cally, subjects were required to have clinical symptoms of esophageal dysfunction, 15 eosinophils in at least one high-power fi eld (eos / h.p.f.), and had other causes of esophageal eosinophilia, including refl ux disease, excluded. Gastroesophageal refl ux disease was excluded in EoE cases by documenting persistent esophageal eosinophilia despite acid suppression at the time of biopsy, by documenting persistent esophageal eosinophilia despite prior symptoms refractory to high-dose acid-suppression, or with negative pH monitoring. Of note, these cases had previously been characterized with confi rmation of the diagnosis of EoE ( 5 ) .
Pertinent data extracted from the chart review included age; gender; race (either as reported in the general demographic page of the medical record or as recorded in the medical history); history of atopic disease including allergic rhinitis / sinusitis, asthma, or documented food allergy (demonstrated either by symptomatic evidence of allergy with reintroduction of a food or by testing directed by an allergist); esophageal symptoms (i.e., dysphagia, chest pain, regurgitation / vomiting); clinical indication for esophagogastroduodenoscopy; endoscopic fi ndings as documented in the previously written procedure note; and dilation during esophagogastroduodenoscopy.
Histologic fi ndings were extracted from pathology reports, and then archived pathology slides were re-reviewed by the study pathologist to determine eosinophil counts according to our validated protocol ( 17 ) . In brief, the maximum eosinophil density (eosinophils / mm 2 ) was determined aft er examination of fi ve microscopy fi elds. For purposes of comparison to previous studies, eosinophil density was then converted to eos / h.p.f. for an assumed h.p.f. size of 0.24 mm 2 , the size of an average fi eld as reported in the literature ( 18, 19 ) .
Descriptive statistics were used to summarize the fi ndings. Because there were so few non-African-American EoE patients in other racial groups, we limited our main analysis of race to Caucasians vs. African Americans. For bivariate analysis comparing Caucasians to African Americans, and males to females, mean values were compared using Student ' s t -test and proportions were compared with χ 2 . For variables where data were not normally distributed, medians were compared using the Wilcoxon rank-sum test. Because the clinical presentation of EoE can vary between adults and children, we also performed a stratifi ed analysis with respect to both race and gender based on patient age at diagnosis (adults 18 years vs. children < 18 years). Multivariate analysis to assess predictors of race and gender was performed with logistic regression, and to further take age of presentation into account. Th is study was approved by the UNC Institutional Review Board.
RESULTS
Overall, 208 patients with a confi rmed diagnosis of EoE were identifi ed. Th e mean age was 25.7 years, with a range from 6 months to 78 years, and with 50 % under the age of 18. Subjects were 76 % males. Th e racial breakdown was as follows: 82 % of subjects were Caucasian, 12 % were African American, 1 % Asian, 1 % Native American, 1 % Hispanic, and 2 % other / unknown. Table 1 shows the comparison between Caucasian and AfricanAmerican subjects with EoE. Caucasians were signifi cantly older at diagnosis than African-American subjects (27 ± 19 vs. 19 ± 19 years, P = 0.05), and more likely to report dysphagia as symptom (71 vs. 48 % , P = 0.02). African Americans were more likely to present with failure-to-thrive than Caucasians (30 vs. 9 % , P = 0.002). Th ere was no signifi cant association between race and atopic disease, gender, or any other clinical symptoms.
EoE and race
On endoscopic evaluation ( Table 2 ), Caucasians were significantly more likely to have esophageal rings (41 vs. 12 % , P = 0.005) and African Americans were more likely to have normal endoscopic fi ndings (32 vs. 17 % ) though this relationship was not signifi cant ( P = 0.07). Th ere were no other signifi cant associations between race and endoscopic fi ndings, indication, or likelihood of undergoing dilation during the procedure.
Th e maximum esophageal epithelial eosinophil count in Caucasians and African Americans was similar (105 ± 100 vs. 131 ± 114 eos / h.p.f., P = 0.24; Table 3 ). Other histologic fi ndings, including the presence of eosinophil degranulation, eosinophilic microabscesses, or lamina propria fi brosis, also did not diff er between the groups.
EoE and gender
Male patients with EoE were diagnosed at a younger age than females, but this was not statistically signifi cant (25 ± 19 vs. 29 ± 20 years; P = 0.19; Table 1 ). However, a higher proportion of males were diagnosed under the age of 18 in childhood as compared with females (48 vs. 36 % , P = 0.05). Males were also more likely than females to report dysphagia or food impaction (71 vs. 53 % , P = 0.02 and 35 vs. 20 % , P = 0.05, respectively), but less likely to report abdominal pain or nausea (17 vs. 40 % , P = 0.001 and 9 vs. 28 % , P = 0.002, respectively). Th ere was no signifi cant association between gender and atopic disease, race, or other reported symptoms.
On endoscopic evaluation, there were no signifi cant diff erence between males and females with EoE; indication for endoscopy, endoscopic fi ndings including rings, linear furrows, white plaques / exudates, or esophageal strictures were similar between the two groups ( Table 2 ) .
Th e maximum esophageal epithelial eosinophil count in males and females was similar (105 ± 96 vs. 109 ± 111 eos / h.p.f., P = 0.80;
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Race, Gender, and EoE Table 3 ). Other histologic fi ndings, including the presence of eosinophil degranulation, eosinophilic microabscesses, or lamina propria fi brosis, also did not diff er between the groups.
Stratifi cation by age and multivariate analyses
Aft er stratifi cation by age ( Supplementary Table ) , the proportion of patients with dysphagia was similar for adult Caucasians and adult African Americans, but in children, there was a trend toward more dysphagia in Caucasians (52 vs. 27 % , P = 0.07). Failure-to-thrive remained more common in African-American children (40 vs. 15 % , P = 0.03). Th e proportion of patients with esophageal rings was greater in Caucasian adults than AfricanAmerican adults (66 vs. 30 % , P = 0.02), and was also more common in Caucasian children, though this was not signifi cant (11 vs. 0 % , P = 0.19). On multivariate analysis, odds of failure-to-thrive were increased for African Americans (odds ratio: 3.48, 95 % confi dence interval: 1.08 -11.3), but dysphagia and esophageal rings were not independently associated with race. Table ) , dysphagia and food impaction were more common in males regardless of age, but this was only statistically signifi cant for adult males with dysphagia (93 vs. 68 % , P = 0.001). Abdominal pain and nausea were less common in adults males compared with females (6 vs. 38 % , P < 0.001 and 5 vs. 27 % , P = 0.004), but there were no diff erences in these symptoms for children. On multivariate analysis, odds of abdominal pain remained lower for males (odds ratio: 0.25, 95 % confi dence interval: 0.09 -0.72), and younger age was also independently associated with male gender (odds ratio: 1.03, 95 % confi dence interval: 1.01 -1.05).
For gender ( Supplementary
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EoE has become an increasingly prevalent esophageal disease contributing to substantial morbidity among both adults and children ( 6, 7 ) . Many studies have consistently reported that EoE is far more common in males and Caucasians, but the reasons 
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African Americans were more likely to present with failure-tothrive, that Caucasians and males were more likely to report dysphagia and have esophageal rings, and the stratifi ed analysis by age supports this. It is known that symptoms and endoscopic fi ndings of EoE can vary by age ( 2,5,7,8,11 -16 ) , with failure-to-thrive more common in young patients, and dysphagia and esophageal rings more common in older patients. It is not as clear, however, why age of diagnosis would vary by race. Recent data presented in abstract form corroborate some of our fi ndings and suggest that there might be isolated diff erences in EoE presentation by race, including a younger age at diagnosis in African Americans ( 23 ) , more dysphagia in Caucasians ( 24 -26 ) , and more esophageal rings in Caucasians ( 26 ) . If diff erential access to care was important in this disease, and the disease course was the same in African Americans and Caucasians, one might expect African Americans to present at an older age than Caucasians. Th is presents the interesting for his fi nding are unknown ( 7,8,11 -16,20,21 ) . As there are few data examining the diff erences in features of EoE by patient race and gender, our aim was to characterize clinical, endoscopic, and histologic fi ndings associated with EoE among Caucasians and African Americans, as well as among men and women.
Despite some suggestion in the literature of racial and gender diff erences in EoE, we observed remarkably few diff erences in features of EoE by either race or gender. With a few exceptions, the clinical presentations were similar, the endoscopic appearances were similar, and the histologic fi ndings and eosinophil counts were similar. Th is observation would be consistent with preliminary data examining the EoE transcriptome where there did not appear to be diff erences in gene expression in male vs. female EoE patients, though the transcriptome has yet to be analyzed by race ( 22 ) . However, a younger age at diagnosis was seen for both African Americans and males. Th is may explain our fi ndings that possibility that EoE may be a more aggressive disease in African Americans. Of note, in our cohort, African Americans did present with a higher mean eosinophil count, and this diff erence, while not signifi cant, deserves further attention in subsequent studies. Because we found no features apart from failure-to-thrive in African-American children and abdominal and nausea in women that were independently able to predict EoE cases status either by race or by gender, clinicians should maintain a low threshold for taking biopsies in all patients undergoing upper endoscopy when EoE is on the diff erential. One issue with these data is that because we do not know the " denominator, " the number of people who are African American or Caucasian and receive their gastrointestinal health care at our center, the present study design does not allow us to draw conclusions about whether EoE is more frequently seen among Caucasians than African Americans and other racial groups. However, we suggest that this common belief may be an artifact related to the composition of the underlying populations from which the study subjects were drawn. For example, at our center, we report 12 % of EoE cases are African American, and fi nd that African Americans comprise 14 % of the local county, 22 % of the state, and 19 % of the hospital population. If studies are compiled that report the racial composition of the EoE populations ( 4,12 -15,23 -25,27 -31 ) , and this composition is compared with the racial breakdown of the geographic region of study, an interesting trend emerges ( Table 4 ). While not universally true, in many cases (including for the present report), the proportion of African-American EoE patients mirrors the proportion of African-American residents in the surrounding region ( Figure 1 ). While this comparison is not defi nitive (importantly, these academic medical centers have wide referral or cachement areas that do not necessarily represent the population of the region), it is provocative. Because no studies of the prevalence of EoE in a general population refl ective of the racial make-up of the United States have been conducted, we do not know the true distribution by race. However, the fact that some centers report a large number of African-American EoE patients, a rate which approaches the proportion of African Americans in the general population surrounding those centers ( 23, 28 ) , calls into question the belief that EoE is a Caucasian-predominant disease. Perhaps the trends reported to date are due to detection, referral, and publication bias?
Th is study has several strengths and limitations to consider. We report on a large population of patients with a confi rmed diagnosis of EoE, and are therefore able to stratify this population by race and by gender. Despite this large sample size, the vast majority of subjects were either Caucasian or African American, and our analysis was limited to these two racial groups. To date, there have been few published cases of EoE in the US Hispanic or Asian-American populations ( 23, 32 ) . We also fully characterized the patients from a clinical, endoscopic, and histologic standpoint to provide rich descriptive data. However, this was a retrospective, single-center study, so the results might not be generalizable and we were not able to confi rm racial status beyond what was in the electronic medical and demographic records.
In summary, we found that while age and dysphagia diff ered by gender and race among EoE patients, the majority of symptoms, endoscopic fi ndings, and all histologic fi ndings were not diff erent across groups. Future studies could investigate whether the earlier presentation of African-American and male patients is due to the pathophysiology of EoE or is otherwise related to social or environmental factors. Clinicians should maintain a high index of suspicion for EoE in the context of appropriate clinical information, regardless of race or gender, and obtain esophageal biopsies to attempt to confi rm the diagnosis of EoE.
